Introduction
Although the growth of echocardiography has abated in the USA, cardiovascular imaging procedures remain within the first 200 Medicare expenditures, with echocardiography being the most used cardiac imaging test. 1 Moreover, in many countries-including Australia-there has been an ongoing increase the use of echocardiography during the last decade. 2 Marked geographical differences in test utilization support the perception that the utilization of cardiac imaging is not necessarily illness related. 2 In response, guidelines for the use of cardiac ultrasound, including the Appropriate Use Criteria (AUC), have been developed to help medical practitioners to perform the test when it will give the best return on investment, control overuse of imaging, and to improve patient care. 3, 4 Nonetheless, despite the availability of AUC over a decade, 5-25% of cardiac imaging examinations are still being performed for 'inappropriate' indications. 5, 6 In the USA, several strategies have been used to promote and enforce the adoption of the AUC and effect a decrease in the percentage of 'inappropriate' tests. 5, [7] [8] [9] [10] [11] [12] These have included educational interventions, clinician audit and feedback, and use of software at the point of request. 5, [7] [8] [9] [10] [11] [12] [13] However, the impact that these interventions on clinicians' ordering behaviour has been questionable, 6 with few studies
showing an impact on resource utilization and appropriateness over time. 6, 12 The use of radiology benefits management companies and pre-authorization processes have helped to control the use of cardiac imaging (although not all imaging techniques 14, 15 ) in the USA in the last decade, but at the risk of limiting the performance of useful tests.
An alternative approach to addressing decision-making regarding the appropriate use of echocardiography might be to examine the factors that lead a doctor to choose when to perform a test-especially the drivers of requesting an echocardiogram for a reason deemed to be 'inappropriate'. Because requesting echocardiograms is not restricted to cardiologists, 6, 16 the need to identify these factors in other specialities is also important. This qualitative study aimed to identify the factors that contribute to cardiologists and non-cardiologists ordering echocardiograms in a tertiary referral hospital.
Methods

Study design and study participants
This qualitative research study used individual face-to-face semistructured interviews with cardiologists and non-cardiologists who had ordered an echocardiogram at the Royal Hobart Hospital (RHH). The RHH is Tasmania's largest hospital and tertiary referral centre. The Tasmanian Ethics Committee approved this study (H0015516). In summary, an interview schedule was developed, clinicians were recruited to the study then interviews were conducted. Following this the interviews were transcribed and analysed ( Figure 1 ).
Recruitment
Participants were recruited and interviewed between April and September 2016. An approach document describing the study and inviting participation in this research was emailed to potential participants working in the Cardiovascular Department (categorized as Cardiologists, although some were surgeons and others were still in training) and Internal Medicine Department. (categorized as non-cardiologists), and followed contact by telephone and in person. These two departments are responsible for the majority of echocardiogram requests at the hospital. For doctors who participated in the study, a written informed consent form was completed before the interview.
Interviews
Face-to-face interviews lasting between 25 and 45 min were conducted by one investigator (R.F.), at the hospital or at our research institute, according to which location was the most convenient for the attendees. Participants were asked to provide some general information about themselves, including length of time in practice and the characteristics of their practice. Interviews were guided by a set of open-ended questions developed through literature review and expert consultation, and focused on the factors that influence the decision of clinicians to order an echocardiogram, including the roles of patient expectations, resource constraints, and guidelines. Participants were asked about their awareness of the AUC and their role in avoiding inappropriate requests. A series of hypothetical clinical scenarios were presented at the end of the interview (see Supplementary data online). These cases included 'appropriate' and 'inappropriate' indications according to the AUC for echocardiography. 4 Additionally, the scenarios included a patient with an 'inappropriate' echocardiogram with incidental findings to uncover concerns, perspectives, and actions about receiving unexpected abnormal results. All interviews were audio-recorded and transcribed verbatim. 
Data analysis
Interviews underwent thematic analysis, 17 which allowed the identification of common factors that shape the experience of health care professionals and their patients. Thematic codes were reached through reading the transcripts. Each code was clearly defined to ensure accuracy. One researcher (R.F., <1 year in qualitative research) coded all interviews using Excel V R to assist with data management. Coding was closely supervised by an experienced qualitative researcher-author (K.J., >5 years of qualitative research). The two researchers met regularly to discuss coding and analysis and any discrepancies in coding were resolved by consensus.
In the following results section, findings reflecting clinicians understanding and use of the AUC will be presented before detailing the factors that were found to influence clinicians to request echocardiograms and its relationship with the appropriate use in their medical practice. These factors have been grouped as personal factors, systemic factors, and guidelines.
Quotations are used to illustrate the main themes. Quotations were represented as 'NC' or 'C' if the participant was in the 'Non-cardiologist' or the 'Cardiologist' group, respectively. Participant quotes are also identified according to years of clinical practice: <5, 5-10, and >10 years.
Results
Participant characteristics
Of 27 medical practitioners invited to participate in this study, 17 (63%) agreed-10 cardiologists and 7 non-cardiologists-In total, 15 participants were specialists or speciality registrars with >5 years' experience since graduating from medical school. The other two physicians were interns (first year since graduation). Table 1 shows the characteristics of participants. Cardiologists were represented by the highest proportion of specialists having practised for more than a decade (4 out of 10 vs. 2 out of 7 in the non-cardiology group).
Clinical reasoning
All participants reported that the primary reason for ordering an echocardiogram was to support clinical decision-making, either to influence the management of existing comorbidities or to avoid cardiac-related morbidity in the future. The clinical decision-making process involved clinical assessment (i.e. symptoms or signs, age, and other patient characteristics) and consideration of the patients' quality of life.
All study participants reported that an echocardiogram was a valuable test regardless of its limitations. Although all clinicians noted the possibility of harm (mainly with contrast) or misdiagnosis with transthoracic echocardiography, they reported that the echocardiograms were considered safe to perform and that their ordering patterns were not impacted by consideration of these hazards. All stated that requests were made because of the desire to solve a clinical problem, so a finding is 'expected'. The risk of a malpractice allegation was not identified as a driver of testing.
Appropriate use
Participants were aware of the impact that overuse of health services had on the health system and the health budget, and all agreed that indiscriminate use was wasteful. The understanding of 'appropriate use' by the clinicians in this study was the performance of testing to make a diagnosis and to plan further treatment, rather than a test corresponding to the AUC for echocardiography. Participants used the terms 'useful' and 'necessary' rather than 'appropriate' (or 'inappropriate') when discussing the value of echocardiograms.
Although all cardiologists were aware of the AUC, only four had read the criteria, and only one tried to use them in everyday practice. No non-cardiologist was aware of the existence of the AUC for echocardiography. After explanation of AUC, more than half of the participants considered categorizing tests as appropriate or inappropriate was ineffective as it failed to capture the full doctor-patient encounter and the circumstances that lead doctors to order or perform an echocardiogram.
'It is easy for other people to misunderstand a test as inappropriate when retrospective evaluations are done; they won't have the full context of the assessment that the doctors did at that moment.' (C1, 5-10 years of clinical experience).
Factors that influence echocardiography requests
Thematic analysis demonstrated three common factors that influenced requests for echocardiograms: personal, systemic, and guidelines and protocols ( Figure 2) .
Personal factors
Personal factors strongly influenced the requesting behaviour of participants. The personal factors most often discussed by the study participants were training and medical experience, management of patient's expectations, and management of uncertainty. The maintenance of relationships with colleagues and attitudes toward workload were mentioned less commonly.
Training and medical experience. All participants commonly reported that the improvement of their skills and development of expertise were the most important factors that impacted their requesting patterns. Senior medical practitioners indicated that these skills help them to understand when to perform an echocardiogram and in what sort of patients. 'You understand the natural course of disease and the point in time at which you have to make a decision to do something different; it is based upon clinical assessment, not upon an echocardiogram' (C7, more than 10 years of clinical practice).
Previous negative case experiences was recognized as increasing the chance of 'inappropriate' requests by one participant:
'There might be a bias to a situation where some doctors missed an important finding, when they were a junior doctor, so they always do scans because they are worried that something might happen like years ago.' (NC3, more than 10 years of medical practice)
More experienced clinicians indicated that differences in the training processes might be a contributor to overuse of echocardiography:
'There is less emphasis on clinical examination. Nowadays we hear murmurs, and we try to quantify their severity which leads straight to ordering an echo to get the actual accurate quantity of information. However, this can result in overuse of imaging.' (C8, more than 10 years of medical practice).
Patient expectations. All doctors with more than 5 years of medical practice stated they feel an expectation is placed on them by patients that a test should be done, especially in an ambulatory setting. However, they believed that skills gained through years of clinical practice had given them the ability to manage these expectations effectively. Participants considered that patient expectations were influenced by information available on the internet, the level of a patient's private insurance cover, and referral to a cardiac specialist. Cardiologists were more likely to request echocardiograms in the latter scenario.
Perceptions of patient anxiety also led to echocardiography requests. In this situation, the test was considered a way to assuage the patient and avoid new consultations in the future:
'It can reduce the anxiety and prevent representations to the hospital, helping to keep them from coming in with chest pains so it may be appropriate for that purpose.' (C4, 5-10 years of medical practice).
Uncertainty. Uncertainty about diagnosis and particularly the magnitude of the problem continued to play a significant role in the decision-making process. This was found even in very experienced specialists:
'I am worried if they don't have a full assessment and I miss something that it is going on with their heart that is not apparent because ECGs and clinical examinations are not very precise.'(C9, more than 10 years of medical practice).
Other personal factors. Some cardiologists also perceived that they may request echocardiograms when their colleagues considered it was necessary, even when their thoughts differ. This approach was adopted to maintain relationships with peers:
'If an experienced cardiology colleague says we should do another echo, I would not feel strong enough to say no.' (C7, more than 10 years of medical practice).
Also, some doctors acknowledged that the ordering behaviour could be impacted by their workload or mood, resulting in an increase of 'unnecessary' requests:
'Some days patients want tests that I feel are not necessary but I want to avoid discussions or I'm tired and I will order tests anyway'. (NC3, more than 10 years of medical practice)
Systemic factors
The main systemic factors were availability of services and availability of patient's medical information.
Availability of services and barriers of access. All respondents noted that the ease of access to echocardiography impacted decisions to order tests. The waiting time until the exam can be conducted, distance to the point of service or physical mobility also affected the ordering of tests. Cardiologists identified that the private setting increases the likelihood of ordering echocardiograms because the echocardiogram is more accessible with respect to waiting time and there are economic incentives for both hospital/practices and specialists that report the exams. The extra costs for patients in this private setting, such as service fees or out-of-pocket costs, were not considered of concern because of the general belief that patients can afford these fees. In contrast, in the public setting, non-cardiologists expressed that the cost of the echocardiogram when the patient is not covered by health insurance (i.e. international students or tourists with no insurance) is a factor that they would take into account.
More than half the study participants indicated that lack of availability of previous echocardiogram results could result in repeat request, even though the earlier test may have been done a short time prior.
Protocols and guidelines
Although clinicians stated that protocols are useful to standardize practice and to improve health outcomes, they expressed a preference for using these for guidance rather than following these documents closely. In some cases, the use of protocols had a negative impact on appropriate use-with cardiologists commenting that in some scenarios, the guidelines made them request echoes they considered redundant:
'There are situations where I've ordered an echo when I otherwise would not have because guidelines mandated. In patients with Understanding decision-making in cardiac imaging pulmonary hypertension, you're required to do six-monthly echoes despite, at least in my experience, I don't find much use of those echoes. (C1, 5-10 years of medical practice).
When participants were asked how to bring about changes in the appropriate use and numbers of echocardiograms ordered they suggested education programs, electronic systems that help to answer the raised questions during the ordering process, regular audits of test ordering, filtering of request by technicians or other medical staff, and electronic records with test schedule enbedded within the system.
Discussion
In this study of factors associated with requesting echocardiograms, we have identified a number of features that might be relevant to processes aimed at improving the appropriate use of echocardiography. To our knowledge, this elucidation of the relationship between appropriate use and the understanding and experiences of doctors when requesting echocardiograms is unique. A better understanding of the factors that influence ordering behaviour may assist in the development of interventions to reduce the incidence of inappropriate testing.
Research methodology of this study
The methodology in this study was a qualitative research study, rather than a clinical audit. This approach, which has not to our knowledge been reported in the Journal previously, helps us comprehend why promising clinical interventions do not always work in the real world, and how practitioners think. One might look upon this as exploratory research that provides the best practice for gaining indepth context-dependent understanding of a particular phenomenon (in this case, ordering echocardiograms), capturing its complexity, and revealing unique insights. This contextualized understanding is obtained through the analysis of specific cases. Qualitative research studies seek findings that may be transferable or be used to inform additional quantitative studies.
Sample sizes in qualitative research are determined according to the aims of the study. The sample size in this qualitative study was sufficient to achieve the proposed aims and to reach thematic saturation. Thematic saturation indicates that no new concepts, ideas or themes are elicited in subsequent interviews, so that adding more participants would not result in additional information or viewpoints. For example, studies have shown that sample sizes of 6 may be sufficient to capture key thematic concepts. 18 A sample size of 100 would have been methodologically inappropriate for this qualitative study. However, the results of the study could be used to inform the development of a survey that could be distributed more broadly. Determinants of 'appropriate use'. This study found differences in the way clinicians understand the concept of appropriateness and its meaning within the AUC. 4 In the original version of these criteria, the 'negative consequences' of the test (including procedural risks and misdiagnosis) underpin the definition of 'appropriate' use. While one of the negative consequences of inappropriate testing in AUC is low value care, financial constraints were a factor only when the patient is not covered by health insurance or needed to contribute copayments. 19 Study participants equate 'appropriateness' with the necessity of the test to assist with medical management and reduce clinical uncertainty. 20, 21 The current taxonomy of appropriate use seems unhelpful. The most significant factors influencing test ordering were training and knowledge. Specialists with more training or experience, believed they better understood the disease process and could better select patients for echocardiography. Perhaps most significant was the role of testing to address uncertainty, 19, 21 which was not completely mitigated with more years of experience or training. This is an important observation to the extent that the scenarios considered appropriate and inappropriate in the AUC probably do not reflect all the features that lead to uncertainty in individual cases. Patient expectations are a consideration in echocardiogram requests, and clinical experience helped doctors to manage these expectations. However, responding to patient's expectations was not always perceived as a negative outcome as it may contribute to improving the doctor-patient relationship, and control of patient anxiety. Reducing anxiety was considered an 'appropriate' indication for ordering an echocardiogram in some circumstances. These findings are contrary to previous research which has shown that meeting patient expectations for testing does not improve patients' satisfaction, comply with treatment, or improve doctor-patient interaction. 22 Contrary to expectations and the intention of guidelines and protocols, these encouraged doctors to request echocardiograms in some circumstances where it was considered inappropriate. 4, 23 We have previously reported on situations where guidelines and AUC are unmatched. 24 Limited accessibility (influenced by long public hospital waiting lists) 25 or high accessibility (private health cover) 19 were also considerations that impacted test ordering behaviour.
How to improve appropriate use
Policy makers, funding arrangements, changes in reimbursement models, 26 and regulations all influence appropriate use. 13, 23 The adoption of AUC has been mainly limited to North America, but these criteria cannot capture the variety of factors that influence decision-making, and the AUC seem conceptually of discordant with what clinicians consider to be 'appropriate' use. The observations in this study suggest the following options may be effective in ensuring high value care;
(1) A link between training and experience and request volume. It appears that more trained and experienced physicians have a better understanding of the natural history of disease this may help in follow-up. 23, 27 The implication is that repeat testing might be limited to those who are more expert. (2) Means of addressing the contribution of clinical uncertainty to driving test ordering. The use of hand-held echocardiograms by appropriately trained clinicians could resolve uncertainty and avoid the cost of a test that does not satisfy AUC. 28 (3) Better design of guidelines so that they correspond with clinicians' concepts of appropriate use. 
Although these campaigns have improved results in some studies, their long-term impact has not been verified. 5, 31 (5) Availability of software to confirm the management implications of testing-and thereby assure value to decision-making. The availability of staff at the laboratory to perform simple screening of imaging requests may control inappropriate testing at the point of service, 23, 32 (6) Shared decision-making processes and health literacy, 33, 34 Strengths and limitations
The variety of clinical expertise and experience in the inpatient and outpatient settings, and the use of hypothetical clinical scenarios were strengths of the study. Participants were recruited from one hospital setting which could limit the transferability of findings, but most of the clinicians interviewed had experience elsewhere. Qualitative studies are inherently small and detailed, but a larger sample size and increasing the number of participants in the 'non-cardiology' group may have provided more information. In addition, thematic saturation was reached and the key influencing factors were equally applicable to the cardiology and non-cardiology groups and would apply to clinicians working in any public hospital in Australia.
Conclusion
This research suggests incongruence between the clinical reasoning process of physicians and the AUC for echocardiography: factors that influenced ordering echocardiograms by Australian clinicians were not controllable by AUC. More research is needed, however, to investigate if our results apply to other clinical environments. However, this study highlights that the AUC for echocardiography, do not account for all factors that contribute to decision making with respect to ordering echocardiograms. A variety of programs should be considered to address the different factors influencing medical practitioners' choice of test, in order to achieve an appropriate use of resources.
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